Arsenic is a major threat to a large part of the population due to its carcinogenic nature. The toxicity of arsenic emerges from glutathione (GSH) depletion caused by arsenic with unknown mechanism. GSH depletion leads to apoptosis, lipid peroxidation and eventual cell death. The present study was designed to provide insight into the extent of changes in GSH level by arsenic. Plasma and cytosolic fraction were investigated for determination of changes in GSH metabolic status caused by arsenic in the form of arsenic trioxide (ATO). The depletion of GSH level was found to be positively correlated with increasing parameters, that is, arsenic concentration and time of incubation. Our findings show that changes in GSH status produced by arsenic could be due to adduct (As-(SG) 3 ) formation. This change in GSH metabolic status provides information regarding mechanism of toxicity of ATO. These findings are important for the rational design of antidote for the prevention of arsenic induced toxicity.
INTRODUCTION
Arsenic (As) is a widespread environmental toxin. It enters the organisms by dermal contact, inhalation, or ingestion of contaminated drinking water and affects nearly entire organ systems of the body (Ratnaike, 2003) . Arsenic compounds are quite effectively incorporated from the gastrointestinal tract. Arsenate (V) is absorbed to roughly 60%, trivalent arsenic to 80% and natural organoarsenicals to nearly 100% (Zielhuis and Wibowo, 1984) .
Glutathione (GSH) is the most prevalent low molecular weight cellular thiol in mammalian cells. In addition to having a major cellular role in oxidative status, there is an important function of GSH in sequestering toxic, electrophilic xenobiotics (Boyland and Chasseaud, 1969; Chasseaud, 1976) . Nucleophilic reactivity of GSH is based on conjugation of its thiol group with electrophilic compounds (Commandeur et al., 1995) . This characteristic underlies its potent antioxidant action and *Corresponding author. E-mail: naseemscholar@gmail.com. Tel: 03239989477. enzyme cofactor properties, and supports a complex thiol-exchange system, which hierarchically regulates cell activity. GSH levels in human tissues normally range from 0.1 to 10 millimolar (mM), most concentrated in the liver (up to 10 mM) and in the spleen, kidney, lens, erythrocytes, and leukocytes (Bremer et al., 1981) . Oxidative stressors that can deplete GSH include ultraviolet and other radiation (Cai et al., 2000) , viral infections (Kidd, 1997; Look et al., 1997) , environmental toxins, household chemicals, and heavy metals (Kidd, 1997) surgery, inflammation, burns, septic shock (Luo et al., 1998; Spies et al., 1994) and dietary deficiencies of GSH precursors and enzyme cofactors (Whitcomb and Block, 1994) .
Most of the toxicological features of arsenic described here may be explained by a high affinity to sulfhydryls resulting in an inhibition of a great number of enzymes. Investigations at the cellular and molecular levels reveal that As enhances production of reactive oxygen species (like, superoxide and hydrogen peroxide), causes lipid peroxidation, enhances oxidation of proteins, enzymes as well as DNA (Yamauchi et al., 2004; Kitchin, 2001) , disrupts mitosis and promotes apoptosis (States et al., 2002) . These data suggest that ATO-induced apoptosis is attributed primarily through the depletion of GSH.
Glutathione and enzymes related to GSH synthesis comprise a system that maintains the intracellular reducing environment and acts as a primary defense against excessive generation of harmful ROS. One of the important mechanisms of arsenic induced disorders is its ability to bind with sulfydryl group (-SH) containing molecules. Trivalent inorganic arsenicals, such as arsenite, readily react with reduced glutathione (GSH) and cysteine and decrease their bio-availability (Thomas et al., 2001) . Our study will further provide the detailed information regarding the extent of changes occurring in GSH level in plasma and cytosolic fraction, when subjected to different ATO concentrations and different time fixations.
MATERIALS AND METHODS
The materials includes L. glutathione (GSH) (Fluka), DTNB (Sigma), sodium hydroxide (Fluka AG), sodium chloride (Merck), disodium edetate (Riedel Dehean AG Sleeze Hannover), potassium dihydrogen phosphate (Merck), HCl 35% (Kolchlight), arsenic trioxide (Across, Belgium), distilled water (Double Refined), chloroform (Merck), ethanol (Merck), spectrophotometer: UV. 
Preparation of stock solution
To make 0.9%-NaCl solution, 90 mg of pharmaceutical grade NaCl was added to D/W quantity sufficient (q.s.) 100 ml. Arsenic trioxide (ATO), 2 mM solution contained 19.8 mg of ATO in D/W q.s. 50 ml, which was again gradually diluted to get 10 different (0.2, 0.4, 0.6, 0.8, 1.00, 1.2, 1.4, 1.6, 1.8 and 2.00 mM) concentrations of ATO. GSH (1 mM) standard solution was obtained through dissolving 15.375 mg of GSH in 50 ml of phosphate buffer (pH 7.6). 19.8 mg of 5-5, dithiobis 2-nitrobenzoic acid (DTNB) was added to phosphate buffer (pH 7.6) to get 50 ml of 1 mM solution of DTNB.
Isolation of plasma and cytosolic fraction

Plasma
Fresh venous blood (12 ml) was collected from a healthy human volunteer in a heparinized test tube. ESR of this blood sample was 12 mm, clotting time 4 min and Hb was 15.4 g/dl. Hematocrit included blood cells 45%, plasma 55% and RBCs count was 5.2 million/mm 3 . From this blood sample, each time, 1 ml was taken and added to 1 ml of each of the 10 concentrations of the ATO solution resulting 10 mixtures having different concentrations of ATO. All the mixtures were shaken and incubated for 5 min. Each of these 2 ml samples containing blood and ATO in 1:1 ratio were centrifuged at 10,000 rpm for 5 min. The respective supernatant (Plasma) was carefully pipetted upto 0.8 ml from each mixture and transferred to separate sample tubes. The remaining packed cells fractions were processed further for the collection of lysate or cytosolic fraction.
Cytosolic fraction
The packed cells fractions were washed twice with 0.9% NaCl (isotonic) solution and then added drop wise D/W equal in volume to lyse RBCs. Then 0.6 ml of cold mixture of chloroform and ethanol (3:5 v/v) was incorporated at 0°C to precipitate hemoglobin. The resultant fractions were centrifuged and pale yellow supernatant (Cytosolic fraction) was collected from each mixture and transferred to separate sample tubes.
Plasma and cytosolic fraction controls
Plasma control was prepared through mixing blood and 0.9% NaCl solution in 1:1 ratio and then centrifuged to collect plasma portion as before.
Control for cytosolic fraction was prepared through mixing blood and 0.9% NaCl solution in 1:1 ratio and then centrifuged to collect cytosolic fraction portion as before.
Experimental design
Through centrifugation, plasma and cytosolic fraction were collected in separate sample tubes. The concentration dependent effect of ATO (0.2, 0.4, 0.6, 0.8, 1.00, 1.2, 1.4, 1.6, 1.8 and 2.00 mM) on GSH level was studied in plasma and cytosolic fraction each. The final ATO concentration (in each 10 samples of plasma and 10 samples of cytosolic fraction) was 100, 200, 300, 400, 500, 600, 700, 800, 900 and 1000 µM. Data for effect of ATO on GSH level at different time fixations (00, 30, 60 and 90 min) was also collected. The time course studies were carried for each concentration of ATO, from 100 to 1000 µM.
Experimental parameters
Assay of plasma and cytosolic fraction incubated with different ATO concentrations and at different time fixations was made for estimation of effective toxicity marker compound, glutathione, in reduced form (GSH).
Determination of GSH concentration
The reduced glutathione level was determined by the method of Ellman (1959) . 0.2 ml from each of the samples of the plasma/cytosolic fraction (having different ATO concentration) was added to 2.3 ml of phosphate buffer (pH 7.6). Then 0.5 ml of reagent (DTNB) was added. The absorbance was determined at 412 nm against respective control, where ATO had not been added. The concentration of GSH was expressed as µM.
RESULTS
Assay of plasma-GSH level
Change in plasma-GSH level at different ATO concentrations: GSH level was determined in different plasma samples, each one having varied ATO concentrations (100, 200, 300, 400, 500, 600, 700, 800, 900 and 1000 µM). The spectrophotometric analysis showed marginal drop in GSH level (38.1 µM) with the initial ATO concentration, that is, 100 µM compared to the control plasma-GSH (54.9 µM). The GSH level seemed continuously declining in other plasma samples which contained increasing ATO concentrations. The maximum used ATO concentration (1000 µM) brought drop in GSH level up to 18.00 µM compared to the control plasma-GSH (54.9 µM) as shown in Table 1 and Figure 1 . Change in plasma-GSH level by ATO at different time fixations: Each plasma sample having one of the different ATO concentrations (100 to 1000µM) was incubated upto different fixations time (0-, 30-, 60-and 90-min). By extending incubation period, the plasma-GSH level was further decreasing, the maximum decrease in plasma-GSH level being with the maximum provided time as shown in Table 1 and Figure 2 .
Assay of C.F-GSH level
Change in C.F-GSH level at different ATO concentrations: Different C.F samples were also assayed for GSH determination containing different ATO concentrations (100, 200, 300, 400, 500, 600, 700, 800, 900 and 1000 µM). C.F-GSH level showed prominent drop (37.6 µM) with the initial of the used concentration (100µM) compared to the control C.F-GSH (67.5 µM). Increasing ATO concentration resulted in gradual decrease in C.F-GSH level, highest decrease (10.8 µM) being with the maximum of the used ATO concentration (1000 µM) as shown in Table  2 and Figure 3 .
Change in C.F-GSH level by ATO at different time fixations: C.F samples having different ATO concentrations were incubated at different time fixations (0-, 30-, 60-and 90-min) and were analyzed for change in GSH level. The pattern of lowering C.F-GSH level seemed to be associated with the provision of more time as shown in Table  2 and Figure 4 .
DISCUSSION
We have studied the effect of arsenic trioxide (ATO) on GSH level in plasma and cytosolic fraction of human venous blood spectrophotometrically. The concentrations of ATO used in the present study ranged from 100 to 1000 uM ATO. The effect of arsenic on the chemical and metabolic status of GSH was studied in terms of determination of concentration of GSH at λ max 412 nm. This λ max (412 nm) is being used for the determination of GSH concentration in samples according to Elman's (1959) method.
Thus the interaction of this metal with glutathione in vitro as a model of in vivo reaction will establish further scientific data and will strengthen our knowledge about the toxicological Time of fixation (min) Figure 2 . Effect of ATO concentration on the plasma GSH content with time incubation period (0 to 90 min);▲Plasma control (1 ml 0.9% NaCl/1 ml of blood); ♦ATO (100 µM); ■ ATO (1000 µM). Results are the mean ±SE of 3 experiments of plasma GSH profile of arsenic and the role of GSH in the protection of our body from its harmful effects. According to our findings, the arsenic in the form of arsenic trioxide (ATO) induced the depletion of GSH in a dose dependent of The fact that arsenic trioxide (ATO) has considerable pharmacological effects prompted us to examine the interaction of ATO with glutathione (GSH), the most important intra and extracellular antioxidant in plasma and cytosolic fraction of healthy human volunteers. Furthermore, little information is available on ATO mechanism of action at the molecular level. Our experimental work proposes the molecular mechanism of action of ATO. Our research hypothesis was that ATO directly or indirectly or through enzymatic or non-enzymatic pathway causes modulation in the status of GSH either to glutathione disulfide (GSSG) or formation of arsenicglutathione (As-SG) complex.
Our results support the hypothesis that incubation and addition of ATO to venous blood, separation of plasma and cytosolic fraction and determination of GSH decreased the concentration of GSH in these components, one of the characteristics of ATO as an oxidant.
The exact mechanism of action of ATO on GSH metabolic status in this study is not known. However the proposed hypothetical mechanism of action of ATO on GSH metabolic status is the formation of As-(SG) 3 complex. This hypothetical mechanism of action and formation of As-(SG) 3 complex is in agreement with our research work, where antibacterial activity of ATO, GSH and ATO and GSH mixture were examined.
The results indicate that antibacterial activity of ATO was very low (almost Zero), GSSG, GSH were high and ATO and GSH mixture was lower than GSH and higher than ATO (data not shown).
These results indicating that antibacterial activity of GSH and GSSG were the same and GSH and ATO mixture was very low than GSH and GSSG and ATO had almost Zero, leads to the conclusion that ATO had not caused the oxidation of GSH to GSSG but consistent with the reaction taking place at the active site of GSH and that is S-H group. Such reaction through a mechanism involving the coordination of As in ATO with the S-H group of GSH with the formation of As-(SG) 3 complex is as: In conclusion, we have examined interaction of ATO with GSH spectrophotometerically and hypothesized the formation of As-(SG) 3 complex, which might have clinical implication. The data provided in this research work is lacking implementation of statistical analysis, as the blood samples were collected from a single healthy volunteer.
